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 Compare the differences in predicted 
warm season surface characteristics 
between the CFS runs. 

 Examine the impact of upgrades on ocean, 
land and atmosphere and their relative 
importance on predicted climatology and 
prediction skills. 



Atmosphere 
T62/L28  - T126/L64 (~100 
km) resolution and equipped 
with more advanced physics. 

Land 
upgraded from the 2-layer 

OSU to the 4-layer Noah LSM.. 

Sea Ice 
Introduction of  a 3-layer 

global 
Sea Ice Model 

Fully Coupled Ocean-Land-Atmosphere System, implemented in March, 2011 
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CFSv1 

   CMIP AMIP 

CFSv2 

Perfect    
 ocean 
fix  other 
problems 
if any? How about another GFS 

and ocean upgrades ? 

GFS and Land  Important ?  
  use same ocean model and 
allow ocean interactions 

  Identify the relative importance of each component from a variety of upgrades 
and potential problems. 

  Determine the direction for future improvement. 





Much Better 
Than CFSv1 

CFSv2 CMIP 

CFSv1 Mixed, depending  
on the Nino regions 

       Both CFSv1 and CMIP use MOM3 
CMIP has the atmosphere and land 
upgrades. The skill is comparable to CFSv2 



CFSv2 –CFSv1 CFSv2 –CMIP 

CMIP–CFSv1 

CFSv2 vs CMIP 

CFSv2 vs CFSv1 

Significance Test  

95% confidence 



CFSv2 

AMIP CFSv1 

CMIP 
Reduce high bias over N.H. with land and GFS CMIP and AMIP seem better over N.A.. 



CFSv2-CFSv1 CMIP-AMIP 

CFSv2-CMIP CFSv2-AMIP 
CFSv2 lower than CFSv1 CFSv2 higher than CMIP and AMIP 



CFSv2 CMIP 

CFSv1 AMIP Slightly better in CFSv2 and CMIP 



CFSv2 vs CFSv1 CFSv2 vs CMIP 

CFSv2 vs AMIP CMIP vs AMIP 
     The differences 
 Is significant at 95% 

    Not too much difference 
 between CMIP and AMIP 



CFSv1 

CFSv2 

AMIP 

CMIP Consistent with precipitation bias over the N.H. 



CMIP-AMIP CFSv2-CFSv1 

CFSv2-AMIP CFSv2-CMIP 

CFSv2 is warmer than CFSv1 

CFSv2 is colder than CMIP and AMIP 



CFSv2 

CFSv1 

CMIP 

AMIP 



CFSv2 vs CMIP CFSv2 vs AMIP 

CMIP vs AMIP CFSv2 vs CFSv1 better 



As a reference 



CFSv1 

CMIP 

AMIP 

CFSv2 
      CFSv2 lower than the other 3 
     Closer to the satellite retrieval 



CFSv2-CFSv1 CMIP-AMIP 

CFSv2-AMIP CFSv2-CMIP 
             No surprise with CFSv2 
The difference between CMIP and AMIP is small 



CFSv1 AMIP 

CFSv2 CMIP   Different from Rdown 



CFSv2-CFSv1 

CFSv2-AMIP 

CMIP-AMIP 

CFSv2-CMIP 
CFSv2 is higher even Rdown is lower, lower surface temperature. 

 lower in mid-high lats 



As a benchmark 

Global Land Data Assimilation System 
(GLDAS) using the same Noah land 

model 



CFSv1 

CFSv2 

AMIP 

CMIP 
  Consistent with the precipitation. CFSv1 highest,  
           then CFSv2, AMIP, CMIP over N.H.  



CFSv2-CFSv1 

CFSv2-AMIP 

CMIP-AMIP 

CFSv2-CMIP Higher in N.H., lower in S.H. 



CFSv1 

CMIP 

AMIP 

CFSv2 
Like CFSv1, CFSv2 more energy goes to LHT. 

CFSv1 – due to higher precip, CFSv2, slightly higher precip and rnet compared CMIP and AMIP  



CFSv2-CFSv1 CMIP-AMIP 

CFSv2-CMIP CFSv2-AMIP 
CMIP, AMIP, CFSv2, CFSv1. Higher Rnet in CFSv2 
                goes to LHT, and t2m Is lower   



AMIP CFSv1 

CMIP CFSv2 
Expected. High LHT CFSv2 SM is much lower, higher LHT 



CFSv2-CFSv1 CMIP-AMIP 

CFSv2-AMIP CFSv2-CMIP     CFSv2 SM is much lower 
consistent with precip over S.H. 



1.   Compared to CFSv1 
   CFSv2         Better tropical SST  
                           Reduced high precipitation bias over the N.H. 
                           Slightly better precipitation skill over Europe-Asia. 
                           Better T2m and higher prediction skill Europe-Asia 
                           Better downward and net radiation 
                           Less latent heat and sensible heat  
                           Higher soil moisture and closer to GLDAS 

2.   Compared to CMIP 

    CFSv2     sst performance varies depending on the Nino regions 
                            high precipitation bias over the N.H., low bias over the S.H. 
                            Lower precipitation skill over the S.A. 
                            Better T2m, but no clear advantage on the skill 
                            Less Rdown but higher Rnet over the N.H. and lower in the S.H.  
                            More latent heat and less sensible heat and soil moisture. 

3.  Compared to AMIP 
                CFSv2             Similar to CMIP 

4.   AMIP compared  to CMIP 
                AMIP                 tends to perform worse, no big difference 



  Overall, the CFSv2 has achieved a large 
improvement over the CFSv1 from the ocean, 

land and atmosphere upgrades.  

  The atmosphere upgrade in CFSv2 seems to be 
more important, especially to radiation and 

resulted T2m prediction. Both CFSv2 and Op3t3 
CFS has low sensitivity to ocean boundary. 


